Introduction
In gas segmented continuous flow analysis, there are two different types of segmentation gas bubbles. The first type is usually injected by a pump tube or bubble injector into the first reagent, in order to segment the reagent stream at the beginning of flow. A surfactant is generally added to the first reagent solution to reduce the surface tension between the fluid stream and inner wall of tubing. This gas segmented reagent stream merges with the other reagents and samples as it flows through the analytical manifold. The samples are introduced to the flow stream by an autosampler. The sampler probe is designed to reside consecutively between the sample cups and wash reservoir, resulting in a series of sample slugs aspirated from different sample cups separated by wash water slugs. Because pumping is continuous while the sampler probe moves between a sample cup and wash reservoir, an air bubble is aspired into the sample stream at the interface between sample slugs and wash water slugs. If the sampler is set at 'pecking' mode, more than one intersample air bubble will be inserted at the interface which enhances the separation between the sample and wash solution. This is known as 'intersample air segmentation' (ISAS).
The intersample air bubble is initially at atmospheric pressure, but when it passes under the pump plate it is compressed by the pump roller. Constant flow rates in peristaltic pumps depend upon the incompressibility of the solution. In this case the sample flow rate will be momentarily decreased while the intersample bubble passes the pump roller. Intersample air compression results in a notching at the top of the absorbance peak. Since the size of an intersample air bubble is proportional to the inner diameter of the sample pump tube, interference from intersample air compression becomes appreciable when a large sample pump tube is used to increase the analytical sensitivity. To solve this problem, debubbling the sample line to remove the intersample air segmentation has become a common procedure.
Intersample bubbles are aspired through the sample probe from ambient air and they are incompatible with some analyses. In trace ammonia analysis, for example, intersample air bubbles must be completely removed to avoid ammonia contamination from ambient air and high-purity grade nitrogen is used as a segmentation gas.
Although it has been known for many years that segmentation gas bubbles [1, 2] reduce carry-over, sample interaction and dispersion, the relative importance of intersample air segmentation to overall reagent gas segmentation has not been fully appreciated. The aim of this study was to quantify the contribution ofintersample air segmentation in reducing carry-over, sample interaction and sample dispersion.
To quantify the effect of intersample air segmentation it is necessary to individually quantify carry-over, sample interaction and sample dispersion within the analytical system. Although gas [6, 7] .
In 1969 the Laboratory Equipment and Methods Advisory Group (Broughton et al.) [8] proportional to the differences in the concentrations of analyte between adjacent samples:
where ksi is the sample interaction coefficient. To correct the effect of sample interaction, SI must be added to the absorbance of a given sample i, Ai
The sample interaction correction is negative if the absorbances of adjacent samples, Ai-1 or Ai+l, are greater than Ai.
To obtain true peak height, it is necessary to correct for both carry-over and sample interaction: Ai,c Ai kcoAi Ai,c Ai kcoAi-1 ksiAi-1
For sample / 1, which is the second zero concentration sample, the correction should be made as follows:
Ai+l,c Ai+l kcoAi + ksi(Ai+l Ai) + ksi(Ai+l Ai+2)
Since Ai+l, Ai and Ai+2 are all close to zero, equation (8) can be simplified to:
Ai+l,c Ai+l (9) Since and / have the same concentration, corrected absorbances should be the same, i.e.:
Ai,c Ai+l,c (1 O) Substituting equations (9) and (10)into (7)yields: Ai-kcoAi-1 ksiAi-1 Ai+I (11) Rearranging equation (11) gives: (12) can be derived:
It is evident from equations (12) or (13) Ai,c Ai n t-ksiAi (15) For sample + 1, which is the second high concentration sample, the correction should be made as follows:
Ai+l,c Ai+I kcoAi-+-ksi(Ai+l Ai) + ksi(Ai+l Ai+)
Since Ai+, Ai and Ai+ are of similar absorbances, the differences between them are close to zero. Equation (16) can be simplified to:
Ai+l,c Ai+I kcoAi (17) Since and + have the same concentrations, corrected absorbances should be the same, i.e"
Ai,c Ai+l,c
Substituting equations (17) and (18) into (15) yields:
Ai -+-ksiAi Ai+! kcoAi (19) Rearranging equation (19) gives: Ai,c Ai-kcoAi-ksiAi-1
For sample i-2, which is the second low concentration sample, the correction should be made as follows"
Ai-2,c Ai-kcoAi-n t-ksi(Ai-Ai-a) [17] , these permit the segmented gas bubbles to pass through a hollowed cadmium tube and minimize carry-over and dispersion. Intersample air bubbles, however, must be removed to avoid the oxidation of cadmium by oxygen in the air.
Using a debubbler before the flow cell to eliminate bubble-induced interference with the absorbance measurement is also common practice in gas segmented continuous flow analysis. To reduce carry-over, sample interaction and dispersion, a debubbler can be replaced by alternative techniques. Electronic bubble gating has been used in some autoanalysers [18, 19] . With a high sensitivity detector, flow cells with volumes smaller than that of a single liquid segment are practicable. This permits the use of a data acquisition program which only retains the signal when the flow cell is completely filled with the liquid segment and filters out the signal while the gas bubbles pass the flow cell. This technique has the potential to greatly reduce carry-over, sample interaction and sample dispersion, because it allows the whole flow stream to remain gas segmented.
Conclusions
The scheme of LLHL proposed by Thiers et al. [5] 
